Abstract. This study investigates the effect of additive rice husk silica and Polyethylene glycol(PEG) at different concentration on of Polysulfone (Psf) ultrafiltration (UF) membranes. The polymer membranes were prepared by a phase inversion method using Polysulfone (PSf) , N-methyl-2-pyrrolidone (NMP) as a solvent and distilled water as non-solvent. The performances of the membranes were measured in term of pure water flux by using distilled water and solute rejection at different wastewater concentration at 50%, 75% and 87.5%. The results demonstrated that the addition 2% and 3% rice husk silica give the good rejection for membranes but the best rejection was at membranes contains 3% rice husk silica where successfully do rejection of 80.5%. As a conclusion,the range between 2%-3% of rice husk silica gives the ideal composition based on the result of flux permeation and rejection.
Introduction
Membrane engineering refers to a 'Green Technology' whereas membrane processes are both energy efficient and environment friendly. Membrane technology,unlike the traditional separation process such as distillation and evaporation is independent of thermodynamically imposed efficiency limitations on heat utilization. Basically, membranes emerged as a viable means of water purification in the 1960s with the development of high performance synthetic membranes [1] . Inherently, there are various types of membranes such as microfiltration, ultrafiltration, nanofiltration and reverse osmosis. However, there is some weakness on membrane such as easy to foul caused by hydrophobic absorption [2] . This problem can be overcome with some modification into membrane by adding some additive. Previous studies showed that the addition of SiO 2 in membrane casting can act as anti-fouling mechanism [3] . They found that by increasing SiO 2 in the casting solution will improve the fouling resistance ability [3] . According to this previous report, with addition of silica, zeolite, graphite, metal oxide nano particles or carbon nanotubel increase the properties of membrane materials especially on permeability and fouling resistance [3] . Moreover, the effect of silica additive also enhances molecular weight cut off (MWCO), pore radius, surface porosity and pore density in the membrane [3] .
However different type of silica, produce different effects of membrane properties. Thus in this study, silica from rice husk were used as additive in Polysulfone ultrafiltration membrane. The effect of this additive to membrane properties and structure were investigated. Polyethylene glycol (PEG) were used as pore forming agent to improve the permeability of membrane [4] [5] [6] [7] . The performance of membrane was evaluated via cross flow filtration method.
Experimental Procedure
The Psf were dried with temperature 50˚c for 24 h before use. S i O 2 was produced from rice husk burnt at temperature above 1000˚c and maintain at 1 h. Then, S i O 2 was sieved to get the particle size range between 25-30 µm. Psf/S i O 2 were prepared using phase inversion method. The casting formulations were prepared by dissolving the ratio between S i O 2 , Psf and PEG into NMP. Firstly, The NMP was stirred by using a magnetic stirrer at temperature 60˚c with speed 500 RPM. Then, The PSf was th added into NMP solutions during the stirring process. The stirring processes continue up to 4 h to get homogenous solution.Next, the PEG 1500 MW was added into solutions and the stirring process continue for 10 minutes. Then, the rice husk silica with different percentage 1% until 5% were added into the solution.These solutions were transferred into a dry bottle that controlled by electrostatic machine for release bubbles. Later on, The casting solution was cast using casting knife with range thickness 100-120µm and immersed into a coagulation bath containing distilled water. Then, the flat sheet membranes be dried 24 h before testing [8] .
Membrane filtration experiment
The performance of filtration Polysulfone membrane was evaluated based on pure water permeation fluxes (PWP) and solute rejection rates (SR). The flat sheet membrane was cut into a circle form before it was installed in filtration membrane cell. According to Kusworo, T et al the effective area for membrane does permeation test was 19.6 cm² with a diameter around 5cm [9] .The pure water flux test was carried out by using distilled water. Meanwhile, the rejections were tested with different wastewater concentration 87.5%, 75% and 50%.
Pure water flux calculation (1) Where is permeation flux for distilled water and wastewater (Lm -2 h -1 ) , is volumetric flow rate of permeation solution and is the permeation time (h). The solute rejection membranes were evaluated using different concentration of wastewater which is 50%, 75% and 87.5%. The absorbance was measured by using the spectrophotometer (Shimadzu UV-160) at wavelength of 254 nm against a reagent blank. The calculation of solute rejection is defined as:
Where and are wastewater concentration in the feed and permeate solution, respectively.
Results and Discussion

Pure water permeation
The effect of rice husk silica as an additive on the PWF performance is illustrate in Fig 3. From the figure, the flux is increase when the rice husks content increase up to 2%. The PWF 1% is 54.99 Lm¯²h¯¹ and 2% is 65.09 Lm¯²h¯¹; this behavior might be due to the rice husk silica 2% is more hydrophilicity compare to the others percentage. It is a similar study by E Yuliwati et al.
[10] the result also shows that the 2% was the optimum for the water permeability. The rice husk silica particles of the membrane surface reduced the interaction between contaminants and membrane surface. The increments hydrophilicity of the membrane with 2 % rice husk silica has successfully Applied Mechanics and Materials Vol. 328attracted water molecules inside composite membrane, facilitated their penetration through the membrane, enhancing the flux. Furthermore, by additional PEG in the Polysulfone membrane formulation with rice husk silica as additive also helps increase the pure water flux of the membrane. Nevertheless, higher concentration of rice husk silica will drop the flux immediately. As a consequence, it decreased the hydrophilicity of membrane it was shown when the flux rate suddenly drops at the 3% rice husk silica. The flux rate drop again at 4% and then slightly increase at 5 % rice husk silica.Thus, based on this situation, the optimum flux rate can be considered at membrane which containts 2% rice husk silica. Fig 3: The pure water flux permeation rice husk silica Fig 4 illustrate the graphical effect of wastewater concentration in percent rejection and flux rate for wastewater filtration. Based on the plot, the 3% rice husk silica show the highest solute rejection for all wastewater dilution compared to 1%, 2%, 4% and 5% rice husk silica content. This behavior may be due to the optimal mixture rice husk silica that result in good hydrophilic properties. The high hydrophilicity result will reduce interaction between the hydrophobic contaminants and the membrane surface, effectively improving the rejection properties [11] . This is clearly show by the rejection properties rice husk silica when it is added to PSf ultrafiltration membrane.
Wastewater rejection
Nevertheless, the rejection flux gives the lowest value at 3%. This may be due to crystallinity effect of the silica rice husk that has low compatibility when mixed with polymer. Therefore, this small rice husk particle can be a small defect and this surely will affect the rejection value. That's why with more addition rice husk will bring to the low value of rejection. 
Conclusion
In this study, flat sheet PSf/PEG membranes were successfully prepared using casting technique containing additive 1% until 5% rice husk silica with NMP as a solvent. The additive of rice husk silica and PEG were affecting the performance of the membranes in term of permeability and
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Mechanical Science and Engineering III rejection. According to the result. By increasing the percentage of rice husk silica increased the permeability, rejection henceforward improves the hydrophilicity of the membrane. In the water permeability test, the best result was at the membrane content 2% rice husk silica where the membrane produces high pure water flux. For the rejection test, the best membrane performance was at 3% additional rice husk silica gives the highest rejection in three dilution wastewater As a conclusion, we can say that the range between 2% -3% of rice husk silica gives the optimum composition based on the result of rejection and flux permeation.
